ABSTRACT. Many small wild birds died in the 2005-2006 wintertime in Hokkaido. Thirteen birds were pathologically examined and it was attempted to detect West Nile and influenza viruses from their organs. Consecutive pathological changes were fresh hemorrhage and acute circulatory failure. Viral detections were negative. Selective occurrence in wintertime, literature review and the results of pathological and virological examinations suggested chemical deicer poisoning as the cause of wild bird death. Chicks treated orally with deicer showed acute death and their pathological changes were similar to those of the wild birds. Because the chicks showed significant elevation of plasma Na concentration, plasma electrolyte analysis of the affected wild birds might be crucial to confirm our tentative diagnosis. KEY WORDS: chemical deicer poisoning, small wild birds, tree sparrows.
The mortality of small wildlife during winter has been reported in North America and Canada, and the cause has been attributed to salt poisoning due to the uptake of chemical deicers [5, 14] . Small mammals and birds are sensitive to salt and poisoning tends to be the direct cause of death. Factors leading to poisoning include freezing temperature and heavy snowfall in winter, which result in a decrease in water supply and an increase in salt deposited due to stepped-up deicing operations on roads [5] . Recently, a report on the toxicity of sodium chloride (NaCl) to house sparrows (Passer domesticus) was documented [3] . According to the report, sparrows orally given a lethal dose of NaCl showed rapid onset of depression, ataxia and death within 45 min. In other reports [1, 13, 14] , the clinical signs of salt poisoning included an inability to stand, muscular weakness and convulsion, and necropsy revealed congestion and hemorrhage in various organs.
More than 750 small wild birds died in the 2005-2006 wintertime in Hokkaido, a cold district of Japan. The birds affected were tree sparrows (Passer montanus) and bush warblers (Cettia diphone), and the incidences of mortality were limited to the largest two cities in Hokkaido. Thirteen small wild birds (7 sparrows and 6 bush warblers) were submitted to pathological and virological examinations. Tissue samples were collected from the birds at necropsy, fixed in 20% neutral-buffered formalin and processed routinely for hematoxylin and eosin (HE) sections. Tissue pieces of the liver, kidneys and brain were submitted for the detection of West Nile virus (WNV), and those of the intestine and lungs were examined for influenza virus (IFV) infection. These examinations were performed by real-time PCR and virus isolation in chicken embryo, respectively, as previously described [10, 12] .
Gross and histological findings of the birds are listed in Table 1 . At necropsy, 9 birds grossly showed various degrees of fresh pulmonary hemorrhage, and some tracheae were filled with blood ( Fig. 1 ). Congestion and edema of the small intestinal wall was found in 3 sparrows and watery contents were retained in the intestine of another 3 sparrows. All the birds had no obvious external injuries and were not emaciated. Histologically, all the birds had congestion of various organs including the liver, kidneys, intestine, lungs and brain without any parenchymal cell damage. Congestion was most conspicuous in the lungs and brain. Three of 6 bush warblers had a small number of nematodes in the bile duct or intestines but tissue damage due to the infestation was minimal. None of the birds had inflammatory or necrotic lesions. Moreover, all the samples were negative for WNV and IFV. For experimental reproduction of the disease, 17, 2-day-old white leghorn chicks (mean body weight 38.4 ± 2.4 g) were treated orally with sodium chloride-magnesium chloride mixture (NaCl-MgCl 2 ), one of the most popular chemical deicers in Hokkaido. Four or 5 chicks were given 0 (control), 0.05, 0.1 and 0.2 g of NaClMgCl 2 , respectively, and were observed up to 12 hr postexposure (PE) without a water supply, and all the surviving chicks were euthanized at the termination of the experiment. At necropsy, blood samples were collected and analyzed for plasma Na, Mg and potassium (K) concentrations using an autoanalyzer (FUJI DRI-CHEM 7000V, Japan). Tissue samples were processed for HE stains as above. The experiment was conducted following the guidelines of Hokkaido University Veterinary Medicine Animal Experiment Committee.
All the deicer-treated chicks showed diarrhea soon after treatment and the severity of diarrhea was dose-dependent.
One of 4 chicks in the 0.1 g group (chick No. 10) and 3 of 5 chicks in the 0.2 g group (chick Nos. 15-17) showed severe depression and were euthanized at 2 hr PE. The remaining 2 chicks in the 0.2 g group (chick Nos. 13, 14) also showed similar clinical signs at 7 hr PE ( Table 2 ). The other deicertreated chicks showed mild to moderate depression but survived until the end of the experiment. At necropsy, 3 chicks in the 0.2 g group (chick Nos. 15-17) had watery intestinal contents consistent with severe diarrhea. One chick in the 0.1 g group (chick No. 10) had moderate gizzard edema and other deicer-treated chicks also had minimum to mild edema of the gizzard (Table 2) . Histologically, deicer-treated chicks showed various degrees of acute systemic congestion most prominently in the lungs and brain ( previously reported [1, 14] . In contrast to other reports [6, 9, 11] , no hepatocellular, renal or neuronal degeneration was observed. The plasma Na concentration increased with treatment, but Mg and K concentrations did not increase significantly (Fig. 3) .
Postmortem examinations of the wild birds revealed that significant lesions were systemic congestion and pulmonary fresh hemorrhage. Parasitic infestation of the birds was inconsistent and considered as an incidental finding. Pathological examination suggested that the birds died due to acute circulatory failure caused by chemical deicer poisoning [1, 5, 13, 14] , and infection, starvation or trauma might not have caused death. Both the wild birds and chicks showed the accumulation of watery intestinal contents and systemic congestion. Some chicks showed edematous thickening of the gizzard wall, but no change was observed in the wild birds. Lesions from NaCl (chemical deicer) poisoning have been reported to be transient and may disappear after death [3] . In the winter of 2005-2006, we experienced relatively heavy snowfall and low temperature in compare with ordinal years. Moreover, the death of small wild birds occurred only in wintertime in large cities where chemical deicers are sparged more heavily than in rural areas, consistent with the epidemiological characteristics of chemical deicer poisoning.
In deicer-treated chicks, the plasma Na concentration significantly increased and 200 mmol/l was lethal, consistent with previous reports [3, 4] . The uptake of 0.1 g deicer was lethal to chicks, and was equivalent to 0.07 g for sparrows on a body weight basis. Sparrows prefer angular yellowish chemical deicer and can take lethal amount of deicer [2, 7, 8] . Although we could not quantify the plasma Na concentration of dead birds, the present findings suggest chemical deicer poisoning as a possible cause of wild bird death. 
